Slow sand filters (SSF) are widely used to treat water for potable use. The process is dependent on the activities of complex microbial communities in the biofilm (schmutzdecke) layer. In this study, we generated a comprehensive view of three-domain microbiological complexity within a model SSF.
INTRODUCTION
Treatment of water by slow sand filtration (SSF) is an important process for supply of potable water (Wotton ) . SSF technology, however, has numerous other applications, including water treatment for industrial supply (i.e. its initial application by John Gibb in 1804; Ellis ), horticultural and irrigation use (Calvo-Bado et al. a, b) , aquiculture, pre-treatment prior to managed aquifer recharge (Sommer ) , and animal effluent treatment (e.g. dairy sheds and piggeries). Across Europe, a significant proportion of potable water is treated by SSF (Page et al. ) . In Great Britain alone, 66 hectares of slow sand filters (161 filters) provide water treatment for over 10 million people (Page et al. ) . This extends from a lack of fundamental knowledge as to the species of microorganisms present in an SSF schmutzdecke layer.
This paper is an extension of our previous work (Wakelin et al. ) with the overall aims of characterising the diversity of microorganisms in SSFs, understanding the dynamics of community structure in space, time and between filter bed materials, and finally identifying key functional species/consortia linked to water treatment quality and/or filter clogging. This knowledge will be used to better understand and monitor and potentially manage SSF performance. Using DNA based community fingerprinting (DGGE of SSU rRNA gene fragments), we have previously shown that rich communities of bacterial, archaeal and eukaryotic microorganisms are present in SSF schmutzdecke layers (Wakelin et al. ) . Of these, the bacterial community is particularly rich in species 
MATERIALS AND METHODS

Slow sand filtration
A slow sand filtration trial was conducted at the Urrbrae wetlands (Adelaide, Australia) in winter 2006. Details of the trial design are given in Wakelin et al. () . Briefly, the wetlands receive storm water from the surrounding urban catchment and, after passing through a settling basin, the water enters a wetland area which is connected to a storage basin. In the current study, water was passed through up-flow roughing filters thereby reducing mineral 
DNA extraction
The schmutzdecke layer was harvested from the surface of the two SSFs with the aid of a flame-sterilized spatula. 
Bacterial community
The SSF schmutzdecke bacterial community was characterised using a high-density microarray (PhyloChip; Brodie Array data was imported into PhyloTrac for analysis (Schatz et al. ) . Within this package, the raw data was handled as described previously (Brodie et 
Ciliate protozoa
Nine sequences (13%) were in the Ciliophora phyla (ciliate protozoans; Alevolate supergroup). Of these, 2 sequences grouped within the class Colpodea (clones E-D3 and E-G1; Figure 1 ) and four in Phyllopharyngea (clones E-E1, E-E3, E-G6 and E-F4; Figure 1 ). Three clones (E-A2, E-E1, E-F6) were affiliated with the class Oligohymenophora ('paramecium type' ciliate protozoa) and grouped close to taxa associated with amoebic infection of fish gills (Hartmannula and Dysteria; Figure 1 ).
Green microalgae
Two sequences were in the Viridiplantae phyla, Chlorophyta division (green algae). One sequence (clone E-H4) was closely related to the Mychonastes/ Pseudodictyosphaerium grouping of pico-eukaryotic genera, and the other with Pseudomuriella/Monoraphidium
(clone E-F2).
Cercozoa -flagellated protists
The vast majority (71%) of sequences grouped within the Cercozoa phyla of the Rhizaria supergroup (Figure 2 ).
Closer inspection found all 50 sequences to be highly similar and to closely group with the Ebridea clade of flagellated, phagotrophic protists (Figure 2 ).
Stramenopiles
Two clones were affiliated with the Stramenopile phyla. One was in the class Bacillariophyta (diatom) and the other in the class Labyrinthulida (slime net).
Amoebozoans -amoeboid protozoa Table 1 ). 
Proteobacteria
The dominant classes of Proteobacteria present were in the alpha-, beta-, and gamma-classes (Figure 4 ). Across these classes, nearly half the richness of bacteria present in the SSF was present, with 62 of the 142 families represented. As with the other Phyla, most Proteobacterial families were present at low abundance (<2% of total bacteria; Supplementary Table 1) .
The dominant families in the Alpha-proteobacteria, were the Rhodobacteraceae (4% total) and Bradyrhizobiaceae (2% of total). In the Beta-proteobacteria, the Comamonadaceae were dominant (7% total bacteria) and in the Gamma-proteobacteria the Pseudomonadaceae were the dominant family (4% total bacteria).
Actinobacteria
Most of the Actionobacteria were in the Actionomycetales order. Within this, the dominant families were the (closely related) Micrococcaceae, Micromonosporaceae, and Mycobacteriaceae.
Firmicutes
The dominant classes of Firmicutes present were Clostridia (16% total bacteria) and Bacilli (2% total bacteria 
CONCLUSIONS
The SSF schmutzdecke is a complex community of Eukarya, Archaea, and Bacteria. The Eukaryotic community is dominated by Cercozoa (Ebridd-type protists) which predate on other organisms in the schmutzdecke layer, including removing bacteria and other microbiota from influent water. The Archaeal community was nearly exclusively dominated by Euryarchaeota, and most of these were Halobacteriales. These organisms may contribute to the filter function through removal of dissolved organic carbon (organoheterotrophy). The bacterial community is highly rich in taxa and is not strongly dominated by any phylogenetic group. At a phylum level, the community consisted of about 43% Proteobacteria (alpha, beta and gamma classes common), 24% Firmicutes, and 16% Actinobacteria. It is expected that much of the biological filtration is conducted by a diverse range of bacterial taxa. Approaches such as SIPrRNA probing will aid in understanding the role of specific taxa in the biogeochemical function in SSFs.
